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Solute filtration pore size
atomic/ionic low molecular high molecular micro particle macro particle
. range range range range range
Pore Size 1A 1 nm 10 nm 100 nm 1um 10 pm
| i [ | ] [ e | 1 Lt 1111l | [ R B A | 1 L1 1 1aual |
MWCO (D) 100 5,000 500,000
salts proteins bacteria
Removed hormones macromolecules yeasts
solutes, o :
particles humic acid viruses
clay particles
reverse S
; Membrane distillation
05MOsis
Membrane nanofiltration MBR
Processes
ultrafiltration

electrodialysis

microfiltration

forward osmosis
Warsinger, D. M. et al.,(2018). A review of polymeric membranes and processes for potable water reuse.
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T RO (83&) vs Electrodialysis (& 1)

/ Salt and Water \ Salt and Water
Water Water Anions Cations
AP l AP
K Salt / Water
Reverse Osmosis Electrodlaly3|s
(FZE ) (BE 32 H2BR)
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[T 3ZEPE (Semi-permeable membrane)

Ghin-film composite \

membrane Thin polyamide layer i coa

(0.2pm) @ . {»ﬂ Hco,« coH N-CO ~_col-
A NH, roc‘*‘-f " COo! U L

m
\r,a
1 GOOH

Palyamide thin filn

m-phenylenediamineg  Trimesaoyl chlorde in
in weater hydrocarbon

Porous polysulfone
support layer
~200 pm

k &2 et s S5 AT MGl et el T RN i R T & € Hlilll}“l'l /

Gsymmetric membrane

Polvester/polypropylene

Selective dense
(Cellulose acetate) layer
A 4 . .
https://www.rotec-hid.com/polyamide-flat-
Porous sub layer sheet-membrane-for-industrial-ro-
~200 pm membrane.html

K S.S. Shenvi et al. / Desalination 368 (2015) 10-26
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£ @ counter ion © fixed ion
4\ O water molecule
Bt SE#E B (diffusion) -

interstitial phase
\/ gel phase g 7812 (electromigration)

« ¥}37% (convection) g
#B(hopping) & Bt F3I
BB El

lon channel (free volume)
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F 1S

194805
fLIRZE /]
E (um) 100-200
H?ﬁ =FH (Q.cm?) <5
fZBRZ=E (%) <5
M B iz M (pH) 0-14
BUERE =N NS N S

RN (75/m2) >2,000

200~400

ARERZYE
<1,200
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s e e e - oppositely charged Layer-by-Layer
layer (LbL) film

The pOSSI ble meCha n |Sms Of perm- Fig. 12. Illustration of the surface modification types of ionic exchange mem-
SeIeCtIVIty |n CI ud | ng po re'Size S|eV| ng branes (IEMs). (a) Highly cross-linked surface laye.r with thf.- same ion exchange

groups as the membrane bulk, (b) surface layer with fixed ion exchange groups

effect electrostatlc repu|S|On and with charges opposite to those of the membrane bulk, (¢) LbL film, and (d)

surface layer formed from dense and (mostly) neutral polymers. Dimensions are

hydration energy difference etc. not to scale.

Journal of Membrane Science 555 (2018) 429-454
Journal of Membrane Science 577 (2019) 153-164
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CEM AEM

Thickness: 200-250 uym

Burst strength: 20.25 MPa

Water splitting voltage™: 0.8-1.2V
Water splitting efficiency*: 98%

H,O

o
®)

*Test condition: 1 N HCI, 1N NaOH, 100 mA/cm2, 30 °C
OH ||+

Fumasep FBM

‘current voltage plot fumasep FEM

{E1EE
(Cr3*, Fe?*, ZrO,, Al,0,.Si0,)
Pl
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(a) Tortuous path spacers (b) Sheet flow spacers
————| fsn {0 0 ) O y¥ggegenges TR AR
e e ey inlet ~— I8 58 8SBSEEEE Industriai Technology
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screen \
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Feed solution  Turbulence solution

inlet promoters outlet F\ O O O

SR 45iEA1S
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Baker R W (2004) Membrane Technology and Applications, 2nd ed., John Wiley & Sons, ISBN 0-470-85445-6 | ResearchInstitute
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Concentrate F“)“““‘“l [£] i-
! | J N : o
Diluate : : - O . Na® |
A ‘ o ] A ‘ [ \l c ] i\
d - . 3 9 i i
: Ak : | 0 |e
faeda . - . - = Cathode N I
i SSS i /G) » = 555 C o OHY i
: N SHy dF d : "
+ o - - > OH™ i
49 PHEY DS - ; i
Electrode + i + - - Electrode L OH™ |
rinse :T T - /“ ] T u /“ T H T— rinse = %
Feed : I ] i
i : i (D Anion-exchange
! I
L -

Concentrate |  Diluate Concentrate |
1

— - Repeating unit — {0 Cation-exchange

“--- Repeating unit -----!

& 597K AR EE e T SR HE/K K[ - K BB 4R ®Em BE -BBrAERBEL
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Strathmann, H. (2010). lon-exchange membrane processes in water treatment. Sustainability Science and Engineering, 2, 141-199. [l g® irdustrialtechnology
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Acid : Base Acid : Base
A IBP T C A T BP T C
] cr :j: Na* [] oo [ wet [
+ I +| - +| —||+ -
+ :— +| —| +] —| [+ —|
+ II—{1+ —| + —| [+ -
Cathode
+ H+4;_+ > OH™ | + H* <o OH™ ||
+| |— +| —| +| —| [+ —|
+ :_ + | :/ — [+ -
+/ =™ -| CIT 7+ uli \_
cr- A :_ + Na* + ||+ h

& SR - K TEKRHEEREE

7K BB g [2] UL

OIWEET?MGEEEF &) i o] el = A L
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& EEKEHE

Strathmann, H. (2010). lon-exchange membrane processes in water treatment. Sustainability Science and Engineering, 2, 141-199.
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H,PO,

Diffusate: Cr-Pb water
H.50,: 146.3 g/L Water

As 1.3 g/L

L
|

Neosepta AFX

60wt% H,PO, l

4h{EH,PO,

Feed solution: Dialysate:
H50,:217.4 gfL H,50,: 66.8 g/L Cr-Pb
Asi3.3g/L As: 2.0g/L
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EDR vs RO
- er ] RO

Typical Feed TDS 500 to 10,000 mg/I <50000mg/L
Silica in Concentrate unlimited undersaturated
pH 2t0 10 3to 10

<10(5 min. test) for continuous

< 4(15 min. test)

2L <15(5 min. test) for intermittent | for continuous

. < 0.5NTU for continuous
Ly < 2 NTU for intermittent SLEll

) 0.5 mg/| for continuous

Free Chlorine 30 mg/L for intermittent Sl ol
TOC < 15 mg/I <3 mg/L
COD <50 mg/l as O, < 10 mg/L
Iron < 0.3 mg/I < 0.05 mg/L
Manganese, Aluminum | < 0.1 mg/I < 0.05 mg/L
H,S < 0.1 mg/I <10 mg/L
L ES 60% or above 40~60%

TR
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For brackish waters with TDS < 10,000 mg/L in the concentrate stream, the
Langelier Saturation Index (LSI) is used to express the scaling potential for
calcium carbonate.

iz & Alk (ppm as CaCO3) 13
453 -+ Ca (ppm as CaCOs) 3170
4875 3 ) % TDS (ppm) 4670
B% i 18 pH 6.0
an B T(°C) 35.0
pCa=-log[Ca]+5 1.5
pAlk=-log[Alk/50000] 3.6
C=0.1038*log[TDS]-0.0189*[T]+2.3681 2.1

pHs=pCa+pAlk+C

LSI=pH-pHs <1 (seUE)
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FERAZH-RO;E 7K i ES

Sk ) | ERERES | ) | BIGHE

l !

BB <300 _psiem

EDREIEEKE

pH : 7.5 pH : 6~8

EEE . 760~800 pS/cm EEE : <250 pS/cm

MEE 3~5 mg/l MRS : ND mg/l
BB &4 KEIULZE>15%  SBF : 39~42 mgll BT : S5 mgl

S0, : 180~190 mg/l S0, : <30 mg/l

EKE REE EDRIE# A A (NT/m?)
(m3/day) (%) (BEE - EmE)
300 7017 2.1

TR ZTR
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BB HER
‘ —— BRK
Cooling Tower 0 cMD
700 CMD \
1,700 uS/cm BEE <350 uS/cm
| AE - $£1,200% 8 Ca?*< 8 mg/L
PR Cl- <10 mg/L
| BIE B R | EDR
, (g8 753
> \<7
150 CMD IR J< (EQ/)IL/&)
6100 pS/cm

o HREEZR80% - KEIULZERT78%
- BOBRKEHAEREKE - BFOEGHEER>35087T
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1EER T2 &5 7K = 3R R

5,000 100
¢ EDRA & % € & (uS/cm)

4300 mmEDRi fik B EAE (uS/cm) —RBE (%)
4,000 I 80
B 1 11171 T e T /M’\j S
E UL ] Ll 1 HITHL %,
5 3.000 € EDR &K (v 3,000 4,000 uS/am) 60 4
2 2,500 =
o =
& oo NIRRT .
»
i & EDR K (< 700 LiS/iem) It ,,0
4 HWH'HN "1H¥l|l|r| }' | .‘*’ Il « KEUEE 50%
v — BIFRE(R) ° ED/%II‘ﬁ *% 2-0'4.5
FEE LR E S KEE R kWh/m?3
7,000 y 100
-Enmyﬁ €A (1S/em) — M8 £ Mﬁ%{@ﬁ%) S
6,000
m_nlla 80
g 5000 ¢ EDR mb?)( (< 5,500 -6,000 pS/Cm)
S 4000 60 I
2 -
3.000 =
;}* 40 o
2,000
Looo || € EDR EIK (< 550 uS/cm) @
BB R RN
0 0
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 .
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M F *%JJFHEDR RO;E 45 7K $] WHE s aAMA PCBRMELFL A REAAAEDR HHETEMIAK ROELAF A
MEBE AT HEDREBE EDREBEJLALS EiK# AEDRA BB et Akt HHAEDRA 2 E EDRALE B 4L

FK WETEAME  FFkK BEL B AE A8 LK WA EEAK AHA
( 50 m’/day) (& F Hk, 300 (450 m*/day) A B K (1200 m’/day) ( 2400 m’/day) (&b %, 300
m’/day) (1200 m’/day) m’/day)

a0 T 1 HEELHSE A FETEE A& T B g 7K 24 e Az, RESSHIE
EDRAL & &= 4% BE7KVAEDRALE  #4%p K BAEDR EDRAL % &) L EDR A, % &) JiL fiL ik 7K LAEDR AT &
(L ETF w3, B L A Bt 8 B i A A 1 2 % Bp K35 BiFRAK Bl i By i B K
550 m*/day) (8 $2-5], 350 (¥ 48 2> 5], 550 i K ( & 482> 3], 700 ¥4H 7K
m’/day) m’¥/day) (800 m’/day) m’/day) ( 800 m?/day)

EEEBITAA £ EROMIEA LB AR
BAKGEDRIL S SEDRRELE E L WAk B A8 K
i ® (450 m’/day) (700 m’/day) ( 3000 m®/day)

=
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ED/EDR-1E/=

FEF

= Bl-E

7J<TIE/F§I—J i

i=#& (ED) IR (=R

—> FhK

) 4

1975$mﬁknﬂ$

NaC
Z7K
NaCl (20%)
ED 1§
PR 300%}/1548
ERAR 1054 - B&%H61EAH
BEFE 0.2 kwh/kg-NaCl

https://web:tybio.com tw/tybiowater/factory_2.asp

|
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BPED

R2A-Recovery to Acid & Alkaline

Feed steam Acid

Brine water Dilute solution

Feed steam Caustic
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N F{HTEML spzrsnm

2.8 T Ea
BHARAEHENIER . e e %ﬁ;‘l&/ B
N 25%KEEARELZ ML G
O\ 20-40 kwh/m3 120-200 kwh/m

gk e s e AEl e mmmam | ws '“":f‘

(SR - B - B1LE) | TDS >5-10% (Na, CI", SO,2)

ST |

Recovery to Acid and Alkaline
= B RECEE iRk i
(R2A)

B W& (10 wt%)
HCl, H,S0,, NaOH

AHEER

NG 2 ABERIRR - BMApHAZEH
(L4 - BERE~10wt%)

SUEBRAERIERM - ERREFNERFEFEMAIZFESY% - KPB#EFEIRE
BEER  BEOREEESE

I%&ﬂ]‘hﬁnﬁ
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Solid waste mixed salts are
now incapable for reuse

TR
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FEHK AR D B AR EA S R R A IR 5 AL - RIS {FA FREAA BT
KPEEF o - WEERNSE FESSREFASERE R -

BRI FEES/E R

BM  AEM CEM  BM Na*,Cl, SO, Na, CI, SO,
el HCl - N = 388 R 7
_ 3 - f+-\' - g2 yim =155 58 8]
+ [+_'\ + - OH- +- H+ - 7J<|3=F%= Bﬂﬁ
OH #- H* oy # T Ngt *- &
+_ + - +_
H_ b il NaoH M SHEAHE REEREAE
B § gk d BR iR
Acid chamber NaCI |I:|\Ilglll)c|[1|aml'.‘:;;j_'r
H,0 > H* + OH- 2 "+ OH M
ClF + H* > HCI Na* + OH >NaOH *BJHEI & :I:ggglﬁ*ﬁ

BHELE < Nat  H,PO,, H,SO,, HCI

I#Hﬂ?iﬁnlﬁ'—.
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« Bt FIREE3-10 wt%

- SEE 3@-%&? (ex: Ca%*, Mg2+)<1.0 mg/L
° /EEHE JI H EEIEDYEJ<2 0 mg/L

« TSS <0.1 mg/L

R NEE TS
V1

TR
Industrial Technology

OITRI. TERIMH TR EE



‘\

O 2AsE=Z =7

1. BEIK=-RFHE
2. KE(ZEEFAAR)-=ZEME
3. EEMAREA=

I%&ﬂ"iiﬁ;mlﬁ':

OITRI. TEF M FEPRZEE 2021/11/29



BPED-[Z 25 Rk

EREG-B e B ERER

S ELE (4-6% HCI)
P3S4 (4-6% NaOH)

L » (BB KB IK
EYEHALAEIE
BARK . | S REBEER == Y
BLEK 2831 ™ 40-50 msicm [ LEE ISR
| S
| |
f£EEE7K (<10 mS/cm)
&U1F2 FH 4 I 1
FAZ AR K - - JJRoA L,

Ls B4 HCI - NaOH

- BSREBERAFEELCKE BEREMARA -
« REREKEFHEEE @ BV MAIMEEE RS
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5 cell pair, B IEEIFE615 cm?

BEIE/KE20 L
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=] 20
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10 <. i 20%
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0 A 0%
00 20 40 60 80 100 120
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2 e 0. 0 g0 _ . e.8 100%
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15 4 50| %
= @ 9
§ o o® 80% R
Z10 | 0® w
ﬁ P 70% &
e L] oiRE
® 60%
.+ HCI o
0o @ 50%
00 20 40 60 80 100 120
B (hr.)

H&E90 CMDES/K= - oJE43.0 t/d
20.8 wt% NaOH, 3.0 t/d 15.3 wt%
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100% 4.0
° e ® O ..
S 80%’ .......... . ..... .» ........ 3 .0 R
goon | o0 *° °° @ o
EJ; 60% o ) > g
i . o ® 0 E
M 40% '. :
& .'.. %
o & emFiEmE | 1.0
__......-. NaOH o
0% &- -
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100%
20 | ..- =i
& <
§ | ¢ 80% &
S ”.
2 ' [}
" . 70% &
" | ° ORE | 0w
@ NaOH o
0@ .
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Diffusion Dialysis
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o ;5

2 it PR

1. BIEERIZ

2. EEEEXZ (EE=
<1.0 L/mZ2.h)

3. Bl =~70-80%

A:Aion exchange membrane

Diffusion dialyzer

J. Luo et al. / Journal of Membrane Science 366”1 )I%&iﬁiﬁ%lﬁ':
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Plate-and-frame DD Spiral wound DD

https://www.acidrecovery.com/acid-purification.html https://www.spiraltecgmbh.com/en/product/wd-
module-for-diffusion-dialysis.html
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Recovery of phosphoric acid from mixed waste acids of
semiconductor industry by diffusion dialysis and vacuum distillation

Chemical composition of waste mixed acid. 120 4
—
Composition Value (mg/L) 1070F B—— = = m g
=S % . . ° s 13 5
Phosphoric acid 1,056,000 66% = 80} l\‘_\i\ﬂ i s
Nitric acid 100000 ~6% @ ) - 2
Acetic acid 99,000 ~6% 8 4l 5 &
Al 283 E =
Mo 6 'S 40 — &
Fe 7 < —e— Phosphoric acid 11 =
5 ; ), 4 z
Density 1.54 g/cc —%— Aluminium -

0 . . 0

15 30 45 60 75

[H3PO4], wt.%

AY

=73 Water in/acid in=1.5
BEBE45% - tmBEE1-2 mg/LEE[EIUNZ80%

J.-Y. Kim et al. / Separation and Purification Technology ’P@%ﬁ%ﬁﬁhﬁ
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* 2024 F EBRIT TR RXIRIEMIS IR ER360(E T
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c B FRMIBELEBEENTRAZ21%

EDR svstim,// EDR Stack Components
2 membrane

EDR Stack

e BT AR
EDRAAZ21%

- -
s, Y

[. CEM = AEM Iﬁpacers + Electrodes = Stack Frame
.\ r

-~ -
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BE1 4R

EECER

ANEIBME| |TRIEI S Bt 731 RERME HA1948E
BB (2 d=:=1(7=) (Fujifilm)
1 B ﬁﬁ%ﬁzgfggf{ﬁﬁ Y sl
2.IE# EE (um) <200 >200 <200
3. @58 E (kgf/cm?) >6 >9 >6
4. 1IEC(mmol/g) >1.5 >1 >1
5. I HRZR (%) <5 <10 <5
6. {51 (pH) 1-13 2-12 2-12
7.5 FIEEM(%) >90 >85 >80
8. IREE = (%) :EgSS% :EgSO% _EZSS%
—_{E>85% —_{E>80% —_{8>85%
BEEMEZEE
Bl ABEMEEXKER
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